This study investigates the potential heterogeneity of ecstasy or MDMA (3,4-methylenedioxy-
INTRODUCTION
drug users to any given drug, but also enhances the likelihood of neurotoxic and other adverse effects in ecstasy users. [5] [6] [7] In this study, we capitalize on data from a nationally representative study of psychiatric comorbidity to understand the heterogeneity of ecstasy users in regards to substance use and psychiatric disorders. An understanding of the nature of these different subtypes is critical to etiological and prevention research.
Ecstasy comprises properties of both stimulants and hallucinogens and is classified as a hallucinogen. 8 It is commonly known as one of several "club drugs" (eg, MDMA, methamphetamine, and d-lysergic acid diethylamide or LSD) that are used to maintain the high energy levels required for extended periods of dancing or to generate an altered state of consciousness. 9 In the United States, ecstasy use reportedly increased significantly during the 1990s and early 2000s. 9, 10 When this trend was first noticed, the drug appeared to be used predominantly by whites and party or club participants, but it spread later to nonwhite groups (eg, Hispanics and blacks) and non-club settings. 9, 10 National treatment-related data have also revealed a significant increase in ecstasy/MDMA-related mortality and admissions to emergency departments from 1994 and 2001. 11, 12 Since 2002, national surveys of American students and the general population have shown a decline in ecstasy use. 13, 14 However, recent results from both Monitoring the Future Surveys 13, 15 and the National Survey on Drug Use and Health 14 14 The vast majority (61-70%) of new ecstasy users in the United States are adults. 14 Several studies have found that many ecstasy users also use alcohol, marijuana, and other stimulants such as cocaine and amphetamines. 7, [16] [17] [18] [19] It has been suggested that stimulants are consumed to enhance ecstasy's effects, while marijuana is often used to alleviate the discomfort and adverse mood states associated with the period following ecstasy use. 17, 20 Polydrug use, however, is likely to have particularly adverse neuropsychobiological effects. 4, 7 For example, because stimulants are also neurotoxic upon serotonergic and dopamine neurons, they may interact with ecstasy to enhance its adverse effects on users. 5, 7 Ecstasy's reported associations with polysubstance use, as well as its negative effects, have important implications for prevention and intervention. As of now, there is limited information available concerning what particular subgroups may be at high risk for exhibiting substance use disorders (SUDs) and that should thus receive tailored or intense interventions. Little is also known about the extent to which ecstasy users are characterized by a severe pattern of psychiatric disorders, and whether early case finding and intervention within this population is warranted. Given the recent increase in ecstasy use among adults, 14 we need to characterize better various types of users who constitute this population in order to identify vulnerable subgroups for tailored interventions.
Latent class analysis (LCA) is a particularly suitable method for investigating whether distinct subtypes or classes of drug users exist within a diverse sample of study participants. 21, 22 LCA's unique strength lies in its capability to specify "unobserved" or "latent" subgroups of individuals. It has already been used to enhance the field's understanding of variability in polysubstance use patterns. 16 In LCA, observed variables are viewed as imperfect indicators of an underlying and unobserved construct, and a finite number of mutually exclusive classes are empirically derived from the analysis of cooccurring patterns of dichotomous variables. LCA thus can help elucidate whether there are discrete sets of ecstasy users by classifying them empirically into a few subgroups according to their reported use patterns of a variety of drugs. In this study, we apply LCA to investigate the existence of subtypes of ecstasy users. Study data are drawn from the 2001-2002 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), which is the largest national study of psychiatric comorbidity among American adults. 23 NESARC also includes the most comprehensive assessment of psychiatric disorders presently available. Data concerning participants' history of substance abuse treatment and familial substance abuse-a potentially robust indicator of severe substance abuse 24, 25 -also help to determine their differential associations with various subtypes.
Recently, Keyes et al. 26 examined the association of ecstasy use with mental and alcohol use disorders among young adults aged 18-29 years in the 2001-2002 NESARC. They found that both past-year and former ecstasy users as compared to non-drug users had increased odds of exhibiting alcohol use disorders, panic disorder, dysthymia, and antisocial personality disorder in their lifetime. Additionally, a history of bipolar and social phobia was associated with former ecstasy use, while a history of specific phobia was associated with past-year ecstasy use. Similarly, non-ecstasy drug users had greater odds of exhibiting all these lifetime disorders than non-drug users. Direct comparisons in psychiatric disorders between ecstasy users and non-drug users, however, are not reported by Keyes et al. 26 Specific drug use disorders and nicotine dependence also are not examined by Keyes et al. 26 In this paper, we extend from prior research 26 by examining each of all SUDs among adult ecstasy users aged 18 and older and by applying LCA to enhance our investigation of subtypes of ecstasy users and their distinct profiles in demographics, history of substance abuse treatment and familiar substance abuse, specific SUD, and metal disorders. For ease of interpretations, we also examine prevalence rates and corresponding 95% confidence intervals of all disorders for non-ecstasy drug users. Two main questions are examined: 1) Are there subtypes of ecstasy users that are distinguished by their patterns of drug use? 2) If so, are various subtypes of ecstasy users associated with distinct socioeconomic characteristics, patterns of substance use and related disorders, history of substance abuse treatment and familial substance abuse, and mental disorders?
METHODS

Study Sample
The NESARC was designed and funded by the National Institute on Alcohol Abuse and Alcoholism, with supplemental support from the National Institute on Drug Abuse. It provides prevalence rates for both the Diagnostic and Statistical Manual of Mental Disorders, Fourth Revision (DSM-IV) Axis I (substance use, mood, and anxiety disorders) and Axis II (personality) disorders, and is the first national study to assess DSM-IV personality disorders. 23 The target population was the civilian non-institutionalized population aged 18 years or older who resided in the United States or the District of Columbia, including Alaska and Hawaii. Eligible participants consisted of persons living in households, military personnel living off base, and residents of group quarters (ie, boarding houses, rooming houses, non-transient hotels and motels, shelters, facilities for housing workers, college quarters, and group homes). Study participants were selected using a multistage cluster sampling design. Professional lay interviewers from the Bureau of the Census administered the face-to-face personal interviews using computer assisted personal interviewing for the survey. Rights to confidentiality of NESARC participants were carefully protected. All NESARC participants provided written informed consent and were assured that their participation was voluntary. To increase the accuracy of national estimates of psychiatric disorders for various demographic subgroups, Hispanics (N = 8,308), nonHispanic blacks (N = 8,245), and participants aged 18-24 years (N = 5,199) were oversampled. Of the 43,093 participants, 18,518 were male and 24,575 were female. The household and individual response rates were 89% and 93%, respectively. The overall survey response rate was 82%. Details of the survey designs are reported elsewhere. 23 
Study Variables
Demographic and socioeconomic variables examined included age, gender, race/ethnicity, educational level, current marital status, and total annual family income. 19, 27 In the drug use module, participants were given a flashcard and then indicated whether they had ever used each of nine drug classes listed on the card: marijuana, inhalants/solvents, cocaine/crack, hallucinogens/ecstasy, heroin, sedatives, amphetamines, tranquilizers, and opioids/analgesics. Drug use included the use of marijuana, inhalants/solvents, cocaine/ crack, hallucinogens/ecstasy, heroin, and the nonmedical use of sedatives, amphetamines, tranquilizers, and opioids/analgesics. For hallucinogen use, participants first indicated whether they had ever used a hallucinogen (ie, ecstasy/MDMA, LSD, mescaline, psilocybin, phencyclidine or PCP, angel dust, or peyote). Those who reported any lifetime hallucinogen use were asked to report their use of ecstasy/MDMA. Participants who responded affirmative to the latter question were considered lifetime ecstasy users. 26 Lifetime drug users who had never used ecstasy were referred as non-ecstasy drug users. Lifetime use of alcohol, tobacco, and each specific drug class was dichotomized.
Psychiatric disorders were assessed with the Alcohol Use Disorders and Associated Disabilities Interview Schedule-DSM-IV, an instrument of demonstrated reliability and validity. 28 Participants were assessed on problems and disorders related to mood (major depression, dysthymia, mania, and hypomania), anxiety (panic disorder, agoraphobia, social phobia, specific phobia, and generalized anxiety disorder), personality (avoidant, dependent, obsessive-compulsive, paranoid, schizoid, histrionic, and antisocial), and substance use (tobacco/nicotine, alcohol, inhalants, marijuana, cocaine, hallucinogens, sedatives, amphetamines, tranquilizers, and opioids/analgesics).
Participants' personal histories of substance abuse treatment were defined as having ever received any treatment or services for problems related to alcohol or drug use at any location (eg, an inpatient ward, outpatient clinic, emergency room, addiction treatment program, mental health treatment program, self-help group, jail, or church). 29, 30 A family history of substance abuse included any self-reported positive family history of alcohol or drug use problems among any of the respondent's biological family members (ie, natural parents, sons, daughters, grandparents, full brothers, and full sisters).
Data Analysis
Data were drawn from the public-use data file of the 2001-2002 NESARC. Because NESARC used a complex multistage survey design, data were weighted and analyzed with SUDAAN. 31 Demographic distributions and the prevalence of ecstasy use among all participants (N = 43,093) were examined. Within the subsample of lifetime ecstasy users (n = 562), the prevalence of hallucinogen use disorders and other drug use were calculated. LCA using Mplus 32 was then applied to seven dichotomous drug use variables (any lifetime use of inhalants, cocaine, heroin, sedatives, amphetamines, tranquilizers, and opioids/ analgesics, respectively) to empirically determine subtypes of ecstasy users. Because almost all ecstasy users (98%) reported consuming marijuana, this drug was excluded from the LCA. We evaluated the fit of models between two and six latent classes. Bayesian Information Criterion (BIC), entropy, and parsimony were all considered in selecting the final model. 33, 34 In general, lower BIC values indicate a better model. Entropy ranges from 0 to 1, with higher values indicating a clearer delineation of classes.
Multinomial logistic regression procedures 31 were then conducted to determine whether LCA-defined subtypes differed in regards to participants' socioeconomic characteristics, as well as variables related to their use of substance abuse treatment, familial substance abuse, and hallucinogen use. Finally, prevalence rates of specific psychiatric disorders by LCA-defined subtype were determined. For reference purposes, we also report rates of specific psychiatric disorders among drug users who had never used ecstasy. All results presented are weighted estimates except for sample sizes.
RESULTS
Prevalence of Ecstasy Use
Approximately 1.6% (n = 562) of study participants reported lifetime use of ecstasy, representing an estimated 3.2 million adults aged 18 years or older. A comparatively high prevalence of ecstasy use was found among young adults aged 18-29 years (4.8%), men (2.1%), whites (1.8%), American Indians/Alaska natives (2.4%), those who had never married (4.3%), and those who reported a family history of substance abuse (2.2%) or a personal history of using substance abuse treatment services (8.1%) (χ 2 p < 0.01 for each comparison).
Ecstasy Users versus Non-Ecstasy Users
Regardless of ecstasy use, drug users were likely to be white and to have attended college than non-drug users (Table 1) . Ecstasy users were more likely to be younger, single, and male than non-ecstasy drug users and non-drug users, but they were more likely than nonecstasy drug users to be in the lowest family income group (<$35,000).
Prevalence of Hallucinogen Use Disorders
Among all participants, 1.7% met criteria for a lifetime DSM-IV hallucinogen use disorder (1.5%, abuse; 0.2% dependence). Among the subsample of ecstasy users, 31% met criteria for hallucinogen abuse, and an additional 6% met criteria for lifetime hallucinogen dependence.
Drug Use among Ecstasy Users
Marijuana (98%) and cocaine (61%) were the most common drugs used by ecstasy users, followed by opioids/analgesics (45%), amphetamines (41%), tranquilizers (39%), sedatives (39%), and inhalants (25%). About 5% of ecstasy users reported lifetime heroin use.
Latent Class Analysis
Results of LCA suggested a three-class model as the best fit based on the consideration of parsimony, clearer delineation of classes, and statistical power (ie, adequate sample size in each class). This model yielded the highest entropy value (0.90) and a relatively low BIC value (4078).
The three classes were distinguished by the extent of participants' lifetime drug use ( Figure  1 ). Class 1 (ecstasy-polydrug users) specified a large group (37%) of ecstasy users who manifested a high probability of using many types of drugs. Class 2 (ecstasy-marijuanastimulant users, 29%) were users of marijuana and cocaine, and they also exhibited a moderate probability of using amphetamines. Class 3 (ecstasy-marijuana users, 34%) mainly used marijuana as their other psychoactive drug.
Multinomial Logistics Regression Analysis of LCA-Defined Ecstasy Subtypes
Relative to the ecstasy-marijuana subtype (Table 2) , older age (≥45 years), a low level of family income (<$35,000), onset of hallucinogen use before age 18 years, and a personal history of substance abuse treatment were associated with greater odds of being in the ecstasy-polydrug subtype. Compared with the ecstasy-marijuana-stimulant subtype, a low level of family income (<$35,000), a family history of substance abuse, and a personal history of substance abuse treatment also were associated with greater odds of being in the ecstasy-polydrug subtype. Finally, compared with ecstasy-marijuana users, a personal history of substance abuse treatment was associated greater odds of being classified as ecstasy-marijuana-stimulant users.
SUDs by LCA-Defined Ecstasy Subtypes
Ecstasy-polydrug users (Table 3) had the highest prevalence of SUD related to the use of marijuana (77%), tobacco (66%), amphetamines (36%), opioids/analgesics (35%), sedatives (31%), and tranquilizers (30%). Compared with ecstasy-marijuana users, they manifested a higher prevalence of SUD related to the use of alcohol (89% vs. 72%), cocaine (50% vs. 0%), inhalants (11% vs. 0%), and heroin (8% vs. 0%). A comparison with non-ecstasy drug users clearly showed that ecstasy-polydrug users had significantly higher rates of all SUDs, whereas ecstasy-marijuana-stimulant users had higher rates of disorders related to the use of alcohol, marijuana, cocaine, amphetamines, and heroin. Further, ecstasy-marijuana users had a higher rate of marijuana use disorders as compared to non-ecstasy drug users. Overall, ecstasy-polydrug users had a highest mean number of SUDs 
Mental Disorders by LCA-Defined Ecstasy Subtypes
Ecstasy-polydrug users (Table 4 ) exhibited a higher prevalence of dysthymia (12% vs. 2%) and antisocial personality disorder (31% vs. 10%) than did ecstasy-marijuana users. Ecstasy-marijuana-stimulant users had a higher prevalence of dysthymia than did ecstasymarijuana users (13% vs. 2%). Comparisons with non-ecstasy drug users showed that ecstasy-polydrug users had higher rates of mania, histrionic personality disorder, and antisocial personality disorder.
DISCUSSION
This study reports new findings concerning the heterogeneity of ecstasy users in a large nationally representative sample of American adults. Approximately 1.6% of adults reported ecstasy use; of them, 31% and 6% met criteria for lifetime hallucinogen abuse and dependence, respectively. This study extends previously unaddressed questions 26 by elucidating specific SUD affecting ecstasy users and by applying LCA to identify three subtypes of ecstasy users: ecstasy-polydrug users, ecstasy-marijuana-stimulant users, and ecstasy-marijuana users. Ecstasy-polydrug users exhibited the highest prevalence of disorders related to the use of tobacco, marijuana, amphetamines, opioids, sedatives, and tranquilizers; they also had a higher rate of dysthymia and antisocial personality disorder than did ecstasy-marijuana users. These findings provide impressive evidence that ecstasy users are not homogeneous in nature and that a large proportion of such users are likely to be relatively poor and affected by multiple psychiatric disorders. The high prevalence of psychiatric disorders among ecstasy users is likely, in turn, to result in significantly curtailed occupational, interpersonal, and other life opportunities.
Ecstasy-Polydrug Users
The study's most salient findings concern the very high prevalence of lifetime SUDs among ecstasy-polydrug users (37% of all ecstasy users), who on average met criteria for five SUDs. Of this most compromised group, the majority met criteria for disorders related to use of tobacco, alcohol, and marijuana. Approximately one half had disorders related to the use of cocaine and hallucinogens; more than one third exhibited disorders related to the use of four prescription drug classes; and close to one third met criteria for an antisocial personality disorder. Polysubstance abuse by members of this group may be due to their use of multiple substances to intensify or modulate the effects of drug use, attenuate the discomfort or negative affect associated with the after-effects of ecstasy or other drug use, or to self-medicate health problems resulting from polysubstance abuse. 4, 8, 17, 20, 35 Participants' level of drug use may also increase in scope or variety due to their tolerance or crosstolerance of different drugs, 36,37 the emergence of negative affect and distress, and the dysregulation of brain reward function (eg, compulsive drug-seeking and loss of control in limiting intake). 38 While the extent of their ecstasy use may also intensify, the survey does not collect data concerning the amount of ecstasy taken to allow us to further test this question. Studies, nonetheless, have suggested a dose-response relationship between the quantity of lifetime ecstasy use and current psychiatric and cognitive difficulties. 39, 40 This group's significant associations with antisocial personality disorder, family history of substance abuse, and high lifetime prevalence rates of using multiple substances suggest that early behavioral problems or family factors (eg, dysfunctional family, poor parenting, school difficulties, and affiliating with drug-using peers), co-occurrences of substance use, and the neurotoxic effects of polysubstance use on the brain may interact to elevate these users' risk of multiple SUDs. [41] [42] [43] [44] [45] While this cross-sectional study cannot determine causality, common risk factors may explain their high rates of substance use and disorders. [41] [42] [43] Members of this group also were likely to live in a low-income family, which could be related to their disadvantaged family backgrounds or to their usage of multiple substances that result in schooling, occupational, and financial problems. 45, 46 
Ecstasy-Marijuana-Stimulant Users
This group (29% of all ecstasy users) reported high rates of lifetime use of marijuana and cocaine and moderate use of amphetamines. The majority of them also met criteria for disorders related to the use of tobacco, alcohol, and marijuana; close to one half exhibited a cocaine use disorder; and about one third reported a hallucinogen use disorder. Because their rates of SUDs were lower than those of ecstasy-polydrug users, this group can be viewed as comprising moderately problematic drug users who on average met criteria for 3.2 SUDs. Their profile is also consistent with their lower odds of low-income and history of substance abuse treatment and familial substance abuse as compared to ecstasy-polydrug users. However, this group still manifested much higher rates of alcohol, marijuana, cocaine, and amphetamine use disorders than did non-ecstasy drug users, suggesting that their drug use might be more advanced than non-ecstasy drug users in general.
Ecstasy-Marijuana Users
This third group (34% of all ecstasy users) exhibited a high lifetime use of marijuana and some use of prescription-type drugs (ie, opioids). The majority met criteria for nicotine and alcohol use disorders, and close to one half exhibited a marijuana use disorder. Compared with the first two ecstasy groups, this group on average had fewer SUDs, was less likely to have a personal history of substance abuse treatment, and had a lower prevalence of dysthymia. Members of this group resembled non-ecstasy drug users in having an average of two SUDs. They, however, had never used cocaine or heroin, had a lower prevalence of dysthymia, but exhibited a higher rate of marijuana use disorders (49% vs. 35%) than nonecstasy drug users. In comparison, 11% of non-ecstasy drug users had a cocaine use disorder and 1% had a heroin use disorder. The results suggest that cocaine-using ecstasy users are more advanced in their substance abuse than non-cocaine-using ecstasy users. A next step would be to compare the role of cocaine and ecstasy use, alone or in combination, in the risk for SUDs.
Implications
The presence of different subgroups of lifetime ecstasy users has important implications for prevention efforts. The variations in their patterns of substance use behaviors suggest that the three groups may be located on a continuum of drug use, ranging from less extensive users of mainly marijuana and ecstasy to the middle group, which uses stimulants in addition, and then to the high group, which uses multiple drugs. The generally high rate of substance use among ecstasy users suggests that prevention programs that primarily seek to reduce ecstasy use may be ineffective if they do not also address other substance use (eg, marijuana and cocaine use). Additionally, substance abuse is associated with a long list of medical illnesses involving multiple organs and cognitive impairment, and medical problems are likely to persist even after the abuse itself is terminated. 47 The comparatively high rates of multiple SUDs in the first two groups of ecstasy users indicate that, in a clinical setting, ecstasy use may serve as a useful indicator to identify high-risk patients for substance abuse screening and, as appropriate, referral for treatment. It would be of clinical relevance to test whether adding ecstasy use to a routine assessment of substance use in clinical settings would be more helpful in detecting patients in need of medical interventions than a routine assessment of alcohol or cigarette use alone. This practice may be of particular value to the majority of ecstasy users with multiple comorbid disorders who are at risk for adverse effects of drug abuse. 4, 5, 7 In addition, the finding that pure ecstasy users are rare has several implications for research. We found that marijuana was the drug most commonly used by ecstasy users (98%), followed by stimulants (cocaine and amphetamines). Prior research has found that probably 90-98% of ecstasy users also take marijuana. 48 It is worth noting that both drugs can contribute independently to cognitive deficits and other adverse health effects, and the overall effects of drug combinations are complex depending on their cumulative usage and whether they are being taken separately and together. 7, 48 Similarly, stimulants are neurotoxic to neurons, and they may act synergistically with ecstasy to enhance their longterm adverse effects. 5 These findings thus support past assumptions that observed neurotoxic effects among ecstasy users are confounded by other substance abuse, particularly marijuana and stimulants. 5, 7, 49 Another area of research that deserves more studies concerns the impact of comorbid alcohol use disorder and nicotine dependence on medical consequences for ecstasy/MDMA users. 7 Like marijuana use disorders, they are prevalent in this national sample of ecstasy users, and both have harmful effects on health. 47 Co-usage of nicotine and MDMA may have an addictive effect on memory deficits. 7 Further, recent studies on rats have begun to suggest that alcohol use may enhance MDMA-related neurotoxicity and liability for abuse because it could increase brain and blood concentrations of MDMA. 50, 51 Together, these findings demonstrate an inherent methodological challenge in conducting research on neurotoxicitys of ecstasy use. 5, 7, 48, 49 Ideally, a longitudinal study of a large cohort of young people who are never users of drugs at baseline would be needed in order to better evaluate the long-term effects of subsequent ecstasy and/or other drug use on psychological functions and cognitive performance. 5 Finally, studies have suggested that ecstasy use is particularly prevalent among gay/bisexual men. 52, 53 Our next step is to examine whether subtype of ecstasy use is associated with sexual orientation and to pinpoint subgroups of gay/bisexual men at risk for exhibiting a severe pattern of psychiatric disorders.
Study Limitations and Strengths
These findings should be interpreted with the following limitations in mind. The crosssectional design of the NESARC survey precludes making inferences of causal relationships from our findings. In addition, the survey relies on participants' self-reports, which may be influenced by biases related to both under-reporting and memory errors. A very small proportion of the institutionalized population (eg, homeless, hospitalized, or incarcerated individuals) was not included in the survey. Individuals who suffered severe consequences from their substance abuse may be less likely to have been sampled by the household survey, or may otherwise have been unable to participate. The results also are limited by the fact that the quantity of specific drug used is not assessed by NESARC. Previous research indicates that extensive polydrug use is associated with greater usage of ecstasy/MDMA. 54 This limitation also indicates that the data from epidemiologic surveys of drug use and disorders can be improved further by adding questions regarding the quantity of drugs used.
The NESARC data also have noteworthy strengths. Because the very large sample represents the domiciled U.S. adult population, it has a high degree of generalizability. Perhaps the most important characteristic of the data source is its inclusion of the most comprehensive assessments of psychiatric disorders available, which supports the comparison of specific psychiatric disorders among subtypes of ecstasy and other drug users.
CONCLUSIONS
This first national investigation of the variety of ecstasy users adds new evidence to the field by identifying at least three subtypes of ecstasy users, who are differentiated by patterns of psychiatric disorders, family income, and history of familial substance abuse. The results suggest that the two groups of ecstasy users (66%) who also used cocaine may abuse more substances than ecstasy users who had never used cocaine and non-ecstasy drug users. Ecstasy-polydrug users are more likely than other groups to live in a low-income family and to manifest antisocial behaviors. The recent resurgence in ecstasy use and high rates of SUDs among ecstasy users underscores the need to monitor trends in ecstasy use and to investigate further how focused prevention and early case finding and intervention efforts may help reduce substance abuse among ecstasy users. 14,55 Non-addictive psychiatric disorders among ecstasy users and non-ecstasy drug users in NESARC (N = 9140) 
